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(54) Cholesterol sensor and method for producing the same 



(57) A choiesterol sensor faciittating rapid measure- 
ment of serum choiesterot levels is disclosed The sen- 
sor comprises an electrode system composed of at least 
a measuring electrode and a counter electrode and dis- 



posed on an electrically insulating base plate and a re- 
action layer formed on or in the vfcinily of the electrode 
system The reactton layer contains choiesterot este- 
rase for catalyzing the conversion d cholesterol ester 
into choiesterol, cholesterol oxidase and a surfactant 



FIG. 1 
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Description 

The present invention relates to a cholesterol sen- 
sor that facilitates rapid and simpitfied quantitaticsi of 
choSesterot and ctotesterol ester concentrations ccn- 
tained in a sample with accuracy, and a method for pro- 
ducing the same 

Proposed convenUonat system for simplified quan- 
tftatior? of specific components contained in a sample 
without requtfing dilution or agitation of sampfe solution 
trictudes a biosensor disclosed in Japanese Laid-Open 
Patent Pubiication Hes 2-062952 

The biosensor is produced by tho steps of forming 
an atactrods system comprising a measuring ©tectrodS: 
St counter el&olrode and a reference ebctrode by screen 
printing or the like on an electncatiy insuiating base 
plats, and disposing thereon an enzyme reaciton layer 
coniaining a hydrophsiic polymer, an oxidoreductase, 
and an electron mediator The enzyme reaction layer 
may further contain a buffer if necessary 

Upon dropping atiquots of a sampie solution con- 
taining a substrate over the enzyme reaction iayer of 
such biosensor the enzyme reaction layer dissolves, 
causing reaction between the eni-.yme and the sub- 
strate, and reduction of the electrode mediator will re- 
suit Upon compietion ot snzyme reaction, the reduced 
sSectron mediator is electrochemicaiiy oxjdized The 
COTicentration of the substrate in the sample solution can 
be detefmined by measuring the oxidation current value 
at that time 

Theoretically, this biosensor can be applied in 
measuring various substances if an appropriate enzyme 
ot which substrate is the target of measurement is se- 
lected For exampis, the use of cholesterol oxidase as 
the oxidoreductase facilitates production ot a biosensor 
for measuring serum choleslerol leveis 

However, the serum choiesterol feve! used as a di- 
agnostic index represents a sum of cholesterol and cho- 
iesteroi ester concentrations Cholesterol ester per se 
can not serve as the substrate for causing oxtdalion re- 
action by cholesterol oxidase ThorGforc for thG meas- 
urement of the serum cholestorol level as a diagnostic 
index, cholesferoi ester should be converted to choles- 
terol by some means Cholesterol esterase is a known 
catalyzing snzyme for this conversion 

However the useofchofeslerotesterasBasthscsl- 
alysi tor conx'erting choiestefo! ester to cholesterol ne- 
cessitates a problem of very slow reaction 

In view ol the problem as discussed afcjove, the 
present invention ts aimed at providing a chotesterot 
sensor that facilitates rapid measurement of choiestefol 
level by tmpioving cholesterol esterase activities 

The present invenuon provides 8 chotostsrot sensor 
comprising an elecfncrjlly insijiattng baseplate, m elec- 
trode system having at least a measuring electrode and 
a counter eteclrode formed on the base plate, and a re- 
action layer formed on or in the vicinity of the eiectrode 
sysfem, the reaction iayer containing cholsstsroi oxi- 



dase cholesterol esterase and a surfactant 

In a preferred mode ot the present invention, the 
cholesterol sensor further compnses a cover member 
for fomiing a sample solution supply pathway for sup- 
£ plying a sampie solution to the electrode system be- 
tween the cover member and the base plate by being 
integrated with the bass plate 

Basically, the reaction layer preferably has one of 
the three structures as iisted befow 

10 

1 TTie reaoticsi iayer has a layer containing a mix- 
ture of various components 

2 Tho reaction iayer has two tayors. a iayer con- 
taining cholesterol oxidase and a layer containing 

*s cholesterol esterase and a surfactant 

3 The reaction layer has two layers, a layer con- 
taining oholostsfof oxidase and cholesterol este- 
rase and a layer containing a surfactant for covering 
the former 

so 

Preterabty, in tho last -mentioned structure, the layer 
containmc! cholesterol oxidase and cholesterol esterase 
contains no surfactant 

In a preferred chotssterol sensor of the present in- 
2S vention, the electrode system comprises silver and car- 
bon for covering the silver In this configuratiori, the sur- 
face of the electrode system is preferably coated with a 
hydrophilic polymer 

The method for producing a cholesterol sensor in 
30 accordance with the present invention cwnpnsss the 
steps of 

forming a hydrophiiic polymer tayer over an elec- 
trode system composed ot silver and carbcsi that 
3s covers the silver and formed on an electrically insu- 
iatmg base plate, 

forming an snzyme layer by adding aliqucrts <A a so- 
iuttoo containing only cholesterol oxidase and cho- 
lesterol esterase but no surfactant over the prevt- 
40 ousfy formed hydrophiiic polymer layer followed by 
drying, and 

forming a layer containing a surfactant by adding 
aitquDts of a solution prepared by dissolving a sur- 
factant in a soivent that would not dissolve the iayer 
■^s of cholesleroi oxidase and cholesterol esterase 
over the enzyme layer 

Non-limiting enribodiments of the present invention 
Will now be described with reference to the accompany- 

so ing drawings, in which 

Fi6 1 IS a broken obiiqiie perspective view illustrat- 
ing a choiesterol sensor from which a reaction layer has 
been omitted of one example in acooiidance with the 
present invention 

ss FtG 2 IS an oblique perspective View showing a 
cover member serving as a cover as well as a spacer ot 
the same cholesterol sensor, with an upside down ar- 
rangement of FIG 1 
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FIG 3 ts a iongrtudinai cross-sectiona! view illustrat- 
ing the vital parts of the same cholesterol sensor 

FIG 4 IS a tongitudtnal cfoss-sectiona! view ilfustrat- 
ing me vitaf parts of a chofesiefot sensor of another ex- 
ampie in accordance with the present invention 

FfG 5 IS a longitudinal cross-sectionaf view illustrat- 
ing the v«a! parts of a choiesteroi sensor o{ sttll another 
exdmpie in accordance with the present invention 

FIG 6 ts a longftudinaf cross-sectional view tdustrat- 
ing the vftai parts of a choiesteroi sensor of stiii another 
example in accordance with the present invenlton 

FIG 7 IS a dtag?Bm showing representative re- 
sponsos to standard choloslerol sampfo soiution ob- 
served in a cholsstoroi sensor ol one example m accord- 
ance With the present tnvsnlion 

As discussed above, the chotssSeroi sensor ac- 
cordance With the present mvsntfon cornpfsses a reac- 
tion layer containing chotestero! oxidase, cholsslerol es- 
terase, and further a surfactant 

Upon supply of a sample soiution to the reaction lay- 
er, tiie cholestsrol ester contained in the sample solution 
is converted to choiesteroi by the catalytic action of the 
choiesteroi esterase activated by the surfactant tn the 
reactiOT layer 

The choiesteroi produced from the choiesteroi ester 
and the cholesterol onginaiiy contained in the sample 
solution are oxtdtxed by the enzyme, choiesteroi oxi- 
dase The resultant oxidation reaction causes move- 
ment of siectrons wh ich tn torn act to reduce the electron 
mediator The current values required for oxidizing such 
reduced electrorj mediator to the ortgtna) oxidant repre- 
sents 8ie concentrations of choiesteroi ester and cho- 
lesterol in the sample solution 

When a voltage is applied to the measuring elec- 
trode m order to oxidixe the eieclrcst mediator, oxfdation- 
reduclion reaction may sometimes occur by the elec- 
trodes of the choiesteroi sensor, producing an erroi in 
the oxidation current value measured 

in view of the above, atthough it is preferabie to form 
the eiectrode system from an electrochemicaliy stable 
melat such as platinum, it costs high Therefore, in pro- 
ducing disposable sensors, tt ts conventional to assem- 
ble an electrode system by forming a silver alectrode 
using a siiver paste and subsequent^ coating tt with a 
carbon paste However, the carbon ;ayer of a carbon 
pasts IS composed of carbon particlfis and a binder This 
structure sorrvetimes permits psrmeation o! a solution 
coniatning a surfactant between carbon particles As a 
result, when the reaction layer confainfnc the surfactant 
IS dissolved upon addition of a sample soiution to the 
reaction layer, the dissolved solution may enter between 
the carbon partictes and can contact the silver electrode 
At that time, if a voltage is applied to the measunt^g elec- 
trode, the Oliver elect rode VKiti be oxtdized and generates 
current, producing a positive eiror in the current value 
measured 

tn order to suppress such adverse events, there are 
such methods to cover the electrode system with the 



hydrophilic polymer layer, or, alternatsveiy, to form the 
surfactant containing layer, spaced apart from the elec- 
trode system 

The former is considerably effective if the concen- 

s tration of the hydrophilic polymer is well cotsidered 
However since complete blocking of the permeation of 
the surfactant is impossible with this method, the latter 
IS c<»i5idered more desirable Particulariy, in consider- 
ation of highly efficient enzyme reacfton and electrode 

IS reaction, it is better toform the surfactant containing lay- 
er so as tocover the enzyme layer of cholesterol oxidase 
and choiesteroi esterase, and omit tfie surfactant from 
the enzyme layer 

In configuring these reaction layers it is preferabfe 

IS !o form the surfactant layer by dissolving a surfactant in 
a soivent that would not dissolve the enzyme layer, and 
siibseciuantly drop the resultant solufton over the on- 
;?yme layer and dry it 

In the present invention, Nocardiei-derived en- 

2f zymes were used as the cholesterol oxidase atid Pseu- 
domonas- or mammalian pancreas -derived enzymes as 
the choiesteroi esterase 

Thehydrophitic polymer may be exemplified as car- 
boxymethy! cellulose, pdy vinyl pyrroiidone, polyvinyl al- 

£S cdnoi watet-soiuble cellulose derivatives and the like 
Particularly, ethyl celiufose. hydroxypropyi cellufcse. 
gelatin, polyacrylic acfd and salts thereof, starch and de- 
rivatives thereof, maieic anhydride and salts thereof, 
poiyacrylamide. methacryfic restn poly-2-hydroxyethyi- 

30 methacrylate and the !ih© can be used in the present 
invention 

As the electron mediator, potassium ferricyanide, p- 
benzoquinone, phena^ine methosulfate, ferrocene and 
the like may bs used The electron mediator ts not nec- 
3S essariiy an essential requtsfte, because the oxygen dis- 
solved in a sample solution can be used as the electron 
mediator tf the efecti ode-related segment is formed from 
platinum by a spattering method Of the Itks in this case, 
the oxygen contained in the substrate soiution is re- 
•?o duced by enzyme reaction to produce hydrogen perox- 
ide, so that the choiesteroi concentration m the sample 
solution can be quantified by detecting the hydrogen 
peroxide produced With the ptalinum ©lectrods 

Preferred surfactant may be exemplified as noctyl- 
fi-D-thiogiutXiSide polyethylene glycol monodo- 
d>:x:yteth<3r; sodium chelate, dodecyl-[^-ma!tosid6, su- 
crose monoiauiate, sodium deoxycholate, sodium tau- 
rodeoxyctiolate. polyoxyehtylene-p-1-octylphenylether, 
N N-bis{3-D-gtucDnamidopropyl)oholamidG, N,N-*is 
io (3-D-gluconam;dopropyl)deoxychofamide, and the like 

in order to improve the catalytic activity of choles- 
terol esterase by adding a surtactanf, a combination of 
Pseudomonas-derived choiesteroi esterase wtth at 
ieast one surfactant selected from the group consisting 
55 of n-octyi-ji-D-thioglucoside, polyethylene glycol mono- 
dodecylether, sodtum cholate dodecyf-li-maltosids. so- 
cjose monolaorate, potyoxyehtylene-p-t-octylphe- 
nylether and N, N-bis(3-D-gluconamtdopropyl)chola- 
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mide IS preferabie 

A strntlar offecl can result from a combination of cho- 
iesSerol esterase derived from the pancreas of mam- 
mais such as calf or smns with at least one surfactant 
selected from the group consisting of sodium cholale, 
scxiiom deoxycholate, sodium taurodeoxychotate, N,N- 
bis(3-D-gluconam«joprq5y!)choiamtdQ, N,N-bfs(3-D- 
gluconamtcic^ropyl )deoxycho!amide, polyoxyehty- 
lene-p-t-octylpheny!ether polyethylene giycof monodo- 
dacylether and sucrose mooolaurate 

The raactfon fayer of the cholastsrol sensor in ac- 
cordance wrlh the present invention preferably includes 
a tipid containing layer formed thereon for facifttating in- 
troductton of a sampfe solutton tnto the reaction layer 
The ifpid containing iayer ts however not essenttat for 
causing the onzyme reaciion in the present invention 
The tipid fs prefsrabiy phospholipids including tecithm, 
phosphatidyl sersne, phosphatidyl ethanolamme and ths 
!ike More preferable lipids are those wlh amph^hiifc 
property 

The oxtdation current can be measured by either a 
two-slectrode system compnsing oniy a measuring 
electrode and a counter electrods or a three-eiectrode 
system further compnsing a reference electrode, in ad- 
dition to the two electrodes The iaiter can measure 
more accurately 

The arrangement of the reaction layer can be mod- 
ified tn various ways In other words, the reaction tayer 
can be formed on the electrode system or on s surtace 
exposed to the sample solution supply pathway formed 
by the cover member Alternaliveiy, it can be split into 
two parts, one on the electrode system and the other on 
the cover member 

In the lollowtng, preferred configurations of the cho- 
lesterol sensor in accordance wtth she present invention 
wiil be described more specifically, referring to the draw- 
ings 

FtG 1 1S a broken oblique perspective view of acho- 
f ©sterol sensor in accordance with the present invention 
from which the reaction Ifiyer has been omitted fvJumer- 
at 1 dostgnatcs an cloctricafty if)sulatfng base plate 
made of polyethylene terephlhalata On the base piate 
1 . leads 2 and 3 arc formed by sc'een-pnnttng a stiver 
paste The bass pfafs 1 is then further disposed with an 
otectrode systorn comprt'^infl a measuring ete«:.trode 4 
and a counter eloctrorJe 5 by punting a conductive car- 
bon paste contatninq a resin binder, and an electricaliy 
insulating iayer S by printing an eieclncally insulating 
paste The measuiinq electrode 4 is connected to the 
lead 2 and the counter electrode 5 to the lead 3, respec- 
tively The eiectricalty insulating tayer 6 functions to hold 
constant areas of tne exposed segments of the meas- 
uring electrode 4 and the counter eieclrode 5, while cov- 
ering some parts ot the teads Then, the efectrtcalty in- 
sulating tayei 1 termed thereon with the etectrode sys- 
tem on which a reaclton layer is provided m a manner 
as described later, a cover 1 4 having an air vent 1 6, and 
a spacer 13 are adhered to each other in a positional 



relationship as shown by the dotled line in FIG 1 in this 
way, a cholesteroi sensor can be produced 

in the cholesterol sensor thus produced, a space or 
cavity for constituting a sample solution supply pathway 

s in a slit 1 5 of the spacer 1 3 can be formed between the 
base plate l and the cover t4 Only by stmpiy exposing 
a sample solution to a tip end 18 of the slit 15 serving 
as an opening, the sample solution can be readily 
passed toward the reaction layer through the sanple so- 

JO tution supply pathway Since the sample supply amount 
depends on the volume of the space formed between 
the cover and the spacer pre-quant(tattc«i of the sanpie 
solution IS unnecossaty In addition, since this coifigu- 
ration facilitates minimal evaporation of the sample so- 

»5 lotion during measurements, the measurement can be 
done with high accuracy if a transparent polymer ma- 
teria! fs used for the cover and the spacer, llie condition 
of the reaction layer and the process how the sample 
soiution IS passed through can be observed easily from 

30 the outside 

F!G 2 shows an oblique perspective view of a cover 
member of the same cholesterol sensor in which the 
spacer 14 and the cover 14 are overlapped, with an up- 
side down arrangement of FIG 1 A space for constitut- 

2S ing the sample sotutfon supply pathway is formed by in- 
tegrating the cover member with the base plate hJumer- 
af 1 7 designates a surface on the cover side exposed 
to this space 

FIG 3 litusirates a structure of chofsstsrof sensors 

30 of a first and a second examples tn accordance with the 
present invention 

The cholesterol sensor of the first example compris- 
es the hydrophiltc polymer layer 7 formed on the elec- 
trode system and the layer 8 containing enzymes 

ss formed by dropping aiiquots of a solution prepared by 
dissolving those enzymes on the previously formed hy- 
drophiltc polymer layer 7, followed by drying The en- 
zyme layer 8 contains enzymes cholesterol oxidase 
and cholesterol esterase, and furrier a surfactant This 

'fo layer can further contain an electron mediator, if occa- 
sion demands 

For smooth introduction of ths sample solution into 
the reaction tayer, a iayer 9 containing a lipid is formed 
by dropping a lipid containing solution on the enzyme 

■^s iaysr 8 anddn/ing it 

tn the absence ot agitation tn 9ie process of forming 
the enzyme layer 8, the layer 7 containing the hy- 
drophslic polymer ts absolutely unlikely to be mixed with 
the enzyme iayer 8 As a result, ths surface of the etsc- 

si' trode system can be covered with only the hydrophilic 
polymer, without any nsk of possible contact wtth those 
enzymes, surfactant and electron mediator This elimi- 
nates adverse changes in the perfotmance of the elec- 
trode system due to adsorption of protein onto the sur- 

5S face of the electrode system, or chemical reaction be- 
tween the eisctrodas and an oxtdizmg substance such 
as electron mediator, and a sensor that can respond with 
high accuracy is c*tained 
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in the cholesterol sensor of the second example, 
the reaction iayer 8, which ts cott^possd of a layer con- 
taining enzymes and a surfactant tn ths cholesterol sen- 
sor of the first example, is composed of a layer 8a con- 
taining cfiolesterol oxidase cholesterof esterase and 
further an efectron mediator, which is added if occasion 
demands, and a layer 9a confatning a sudacsam for cov- 
ering the layer 8a 

The layer 8a and the layer 9a can not be mixed with 
each other in the absence of agttatton in the process ol 
forming the layer 9a by dropping a surfactant containing 
solution on the layer 8a, foliowed by drying 

For perfect ehmtnalion of the possible charwc of 
muluai mixing of thoss two layers, the solvent for dis- 
solving the surfactant should be one, such as 2-propa- 
nol, which would not dissolve the enzyme layer Sepa- 
ration of !he enzyme layer trom the surfactant layer sup- 
presses the effect of the surfactant on the electrode sys- 
tem This structure permits introductton of more sur- 
factant into the surfactant iayer 

in this structure, however, since homogeneous mix- 
ing of the enzyme, choiesteroi esterase, wifh the sur- 
factant is difficult upon an approach o' the sample solu- 
tion to the reaction layer, the response of Ihe chotosterol 
sensor is slightly inferior compared to tf-ie cholesterol 
sensor of the first example However, tha use of a sur- 
factant, such as sodium cholate, which facttitates 
smooth introduction of the sample solution is conven- 
ient, because it omits the process of coating the enzyme 
layer with the itpid layer 

FIG 4 shows a structure of a cholesterol sensor of 
a third example ir^ accordance with the present inven- 
tion 

As tn FIG 3, the elsctrtcaiiy insulating base plate 1 
IS disposed with the leads 2 and 3, the measitnng eiec- 
Irods 4, the counter electrode 5, the efectncaily insufal- 
ing layer 6, and Ihe hydrophiitc polymer layer 7 Another 
layer 10 containing choisstersrf oxidase is formed by 
dropptrjg a solution containing cholesterol oxidase on 
the hydrophilic polymer layer 7, foflowod by drying A 
iayer 11 that contains cf-tolesteroJ esterase and a sur- 
factant IS fuilhar fomied on the layer 10 by droppirtg a 
solution containing these substaiices on the layer 10, 
followed by drying Those two layers 1 0 and 1 1 are cov- 
ered with the lipid layer 9 as in FIG 3 

In the struclure in which the sn?yme layer is com- 
posed of two different layers that is, the cholesterol ox- 
idase layer 10 and the cholesterol estetcise plus sur- 
faclant layer 1 1 , the surfactant can be distributed more 
densely in th© vicinity of cholesterol esterase and the 
catalytic activity of choSsstsrot esterase is mcreassd 
This produces an effect of rapid conversion of choles- 
terol ester into chotestsroi when a sample soiutton 
reaches and contacts the reaction layer 

FIGS shows a structure of a cholesterol sensor of 
a fourth example in accordance with the present inven- 
tion 

As in FIG 3, the electrically insulating base plate 1 



!s disposed with the leads 2 and 3, the measuring elec- 
trode 4, the counter electrode 5, the electrically insulat- 
ing layer 6, and the hydrophilic poiymer fayer 7 in close 
contact with the elecfrode system Another hydfophtiic 

s poVmar fayer 12 is formed on a surface 1 7 ot the cover 
exposed to a ^ace for constituting a sample soiutton 
suppiy pathway The cholesteioi oxidase layer 10 and 
the choiesteroi esterase plus surtactarrt layer 11 are 
formed on the hydrophiic pofymer iayer 12 

10 By disposing the reaction iayer on the surface 1 7 of 
the cover, rt becomes possible to cover the surface of 
the electrode system with a fi tter, such as a porous poly - 
carbonate fiim, a polymer goi or the like The filter is ef- 
fective for preventing the hemocytss from tnteiieiing 

^3 with the efectrode system This structure also permits 
positioning of the surfactant iayer spaced from the elec- 
trode system, so that the adverse effect of the surfactant 
on the electrode system can be suppressed 

Positioning of the hydrophilic polymer layer on the 

so surface of the cover suppresses separation of the reac- 
tion iayer The hydrophilic polymer iayer fonmed on Ihe 
electrode system suppresses adsorption of enzymes 
onto the electrodes, which is effective for preventing the 
influence of vibration on the measurement 

FIG 6 shows a structure of a choiesteroi sensor of 
a fifth example in accordance with the present invention 
As tn F!G 3, the stectrtcally insulating base plate 1 
is disposed with the leads 2 and 3, Xhs measunng elec- 
trode 4, the counter elecfrode 5, the stectncalty insutat- 

30 tng iayer 6, and the hydrophilic polymer layer 7 in close 
contact With the electrode system Another hydrophstic 
polymer layer 1 2 is formed on the suftace 1 7 of the cover 
exposed to a space for constitutng a sampfe solution 
supply pathway The cholesterol oxidase layer 10 and 

3S the ct^olQSteroi esterase plus surfactant tayer 11 are 
formed in the same manner as in FiG 4, on the hy- 
drophilic potynw layers 7 and 12 respectively The re- 
action layer fonned on the efecfrode system is covered 
with the lipid layer 9 as in FfG 3 

40 Positioning of the two reaction layers at different 
Sites, one proxinruji to the electrode system and the other 
spaced from the electrode system, increases the 
amount ot supported agents, virtiich may resuil tn more 
accelerated enzyme reaction 

4S 

Example 1 

In the present example, a cholesterol sensor as il- 
lustrated in FIG 3 was produced m the besow-men- 
50 tioned manner 

First, 5 of an aqueous solution of sodium salt of 
a hydrophilic polymer carboxy methyl cellulose (herein- 
after abbreviated to "CMC", concentration, 0 5 wt%) 
was dropped over an electrode system disposed on the 
ss base pfaie 1 . which was then dried in a hot dryer at 50 
'C for 10 mm to form the CMC layer 7 Subsequently, a 
Nocardta-derived enzyme cholesterol oxidase (herein- 
after abbreviated to "ChOO") and Pseudomonas-de- 
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rived chotestsfol esterase (hereinafter abbrsviated to 
"ChE"), an electron irtediatof potassium femcyanids, 
and a surfactant n-octyi-p-O-thiogtocoside were dis- 
sofved in watsr The resultant aqueous solution was 
dropped over the previously fwrned CMC layer 7 and 
drted at 50 for 15 nnin to form the enzyme iayer 6 
"Rien, 5 ii\ at a toluene soiutton containing phosphatidyl 
choline {concentralton, 0 5 wi%) was dtopped over the 
enzyme layer 8 and dried to form the Itpid layer 9 lor 
covering the surface of the enzyme fayer 8 

Finally, the cover 14 and the spacer 13 were ad- 
hered to the base plate 1 in a positronal relationship as 
shown by the dotted line in FiG 1, wtiich gave a cho- 
(estsrol sensor of this example 

To this cholesterol sensor, a cholesterol standard 
soiutton {3 fif) containing choieslero! and one kind of 
choiesteroi ester, cholesterot linoleale, was suppfisd 
from an opening i B of the sampte solution supply path- 
way Nine mm tater, a puise voftage cf + 0 5 V was ap- 
plied lo the sensor toward the anode o) the measunng 
efectrode with reference to the counter electrode and 
the current value across the measuftng electrode and 
the counter electrode was measured after 5 sec In this 
way, the response of ih© cholesterol sensor to the cho- 
lestercrf standard solution was evaluated 

Example 2 

In the present example, a cholesterol sensor as il- 
lustrated in FIG 3 was produced in the beiow-men- 
tionsd nnannsr 

First, ths CMC layer 7 was formed on the efectrode 
system in the same manner as tn Example 1 Then, a 
mixture sofution contatntng Nocardia-cfenved ChOD, 
caff pancrsas-derived ChE, and potassium terncyanide 
was dropped over the previously formed CMC layer 7 
and dried in a hot dryer at 50 C for 15 mtn to form the 
enzynria layer 8a, which was then dropped thereon with 
a 2-propanof solution containing sodium chofale {con- 
centration, 0 5 wt%) and dried to form ths surfactant lay - 
er 9a for covering the layer 8a 

In this viray, a cholesterol sensor of Example 2 was 
produced and the ser^sor response lo the chotestero) 
standard soiutton was evaluated in the same manner as 
in Example 1 The results are shown in FIG 7 

Example 3 

In the present example, a choieslerol sensor as ti- 
lustrated tn FIG 3 was produced in the betow-msn- 
tionsd manner 

First, the CMC layer 7 was formed on the electrode 
system tn the same manner as in Example 1 Then, a 
mtxiure solution containing Nocardia-denved ChOD, 
Pseudomonas-denved ChE, and potassium ferncya- 
ntda was dropped over the previously Jonned CMC layer 
7 and dried in a hot dryer at SO 'C for 1 5 mm to form the 
enzyme layer 8a, which was then dropped thereon wAh 



an aqueous solution of n-octyl-fi-D-thtoglucoside and 
dried to form the surfactant layer 9a for covering the lay- 
er Sa 

In this way, a cholesterot sensor of Example 3 was 
« produced and the sensor response to the cholesterol 
standard solutttMi was evaluated tn the same manner as 
in Example t "Hie results are also shown in FIG 7 

Example 4 

fC 

In the present example, a chotestero) sensor as il- 
lustrated in FIG 4 was produced m the betow-men- 
tioned manner 

First, the CMC layer 7 was formed on the electrode 

IS system disposed on frte base plate 1 in the same man- 
ner as in Exampie 1 Then , a mixture solution contatntng 
Nfocardia-dertved ChOD and potassium ferrjcyanide 
was dropped over the previously formed CMC layer 7 
and dried to form the ChOD plus potassium fefncyansde 

so layer 10 Subsequently, a mixture solution containing 
Pseudomonas-denved ChE and n-octyl-|S-0-thiogtuco- 
side was dropped on the layer 10 and dried at 50 °C for 
15 mm to form the layer 11 of ChE and n-octyl-|VD-thi- 
ogiucostde A toluene solution containing lecithin (con- 

2S centrattcxi, 0 5 wf%} was furthef dropped over the layer 
11 and dned to {onm the lipid layer 9 

in this way, a cholesterol sensor of Example 4 was 
produced and the sensor response to the cholesterol 
standard soiutton was evaluated in the same manner as 

30 in Example 1 

Example 5 

In ths present example, a chofestoto! sensor as il- 

3S ftjstraled in FIG 5 was produced m the bssow-men- 
ttoned manner 

First, the CMC fayer 7 was formed on the electrode 
system disposed on the base plate 1 tn the same man- 
ner as tn Example 1 At that time, 5 \i\ of an aqueous 

40 solution containing CMC (concentratton, 0 5 wt^i) was 
also dropped over the surface 17 of the cover exposed 
lo the space for constituting the sample solution supply 
pathway and dried to form another CMC layer 12 TTisn, 
a mixture solution containing Nocardta-derived ChOD 

4S and potassium ferricyamde was dropped ovarthe CMC 
fayer 1 2 and dried to form the ChOD plus potassium f er- 
ncyantde layer 10 Subsequently, a mixture solution 
containing Pseudomonas-dertved ChE and n-octy!-(i-D- 
thioglucoside was dropped on the layer 10 and dried at 

sf 50 ' C for 1 5 mm to form the layer 1 1 of ChE and n-octyl- 
p-O-thioglucostde 

in this way, a cholesterol sensor of Example 5 was 
produced and the sensor respcsise to the cholesterol 
standard solution was evaluated in the same manner as 

So in Example 1 
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Example 6 

!n the present exampie, s\ place otihe layers 1 0 and 
11 formed in Exanr^le 5, an enzyme layer was tomned 
on the CMC layer 12 by dropping thereon a mixture so- 
lution containing Nocardfa-derfved ChOD, potassium 
ferncyantde, Pseuoomonas-derived ChE and n-octyl-ji- 
D-thiogiucoside, followed by drying 

In this way, a cholesterol sensor of Example 6 was 
produced and the sensor response to the cholesterol 
standard solution was evaluated in the same manner as 
in Exampie 1 

Example 7 

In the present sxampte, a cholestorol sensor as 
shown in FIG 6 was produced 

First, the CMC iaysr?, the layer lOandths iayer 11 
were formed on the electrode sysism disposed on Ihe 
base piate l inths same manner as in Example 4 Then, 
another CMC iaysr 12. {he layer 10 and the layer 11 
were also formed over the surface 17 of the cover ex- 
posed to the space for constituting the sample solution 
supply pashway tn the same manner as in Example 5 

In this way, a cholesterol sensor of Example 7 was 
produced and the sensor response to Ihe cholesterol 
standard solution was evaiuaJed tn the same manrser as 
tn Example 1 

In all the cholesterol sensors of the above embodi- 
ments, the sensor response to the cholesterol standard 
solution depicted a sattstactory linear relationship w-th 
the sum of the molar concentrations of cholesterol and 
cholesterol ester, that is, the total cholesterol concen- 
tration 

As apparent trom FIG 7. fte cholesterol sensor of 
Example 2 that uses 2-propanol, which does not dis- 
solve the enzyme layei; as the solvent for disserving me 
surfactant shows a current value close to 0 mV in re- 
sponse to the cholesterot sample solution at a concen- 
tration of 0 mg/dl, compared tc the chotesteroi sensor 
of Example 3 Shat uses water, whch dissolves the en- 
zyme iayer, as ttie solvent for the surfactant This may 
be because perfect separation of ihe enzyme layer from 
!he surfactant iayer in the chofesterol sensor of Example 
2 effectfVGly suppressed iho adverse influence of the 
surfactant on the electrode sysiam 

in she above embodiments of the present invention, 
the enzymes that express enzyme activities by media- 
tton of a surfactant can be reactec efiectivsly in a cho- 
lesterol sensor As a rssult, ?j cholsstsrol sensor which 
permits short lime measurements can bs obtained 

Aithough the present invention has been described 
m terms d the presently preferred embodiments, it is to 
be understood that such disclosure is not to be interpret- 
ed as limiting Various alterations and modi^cations will 
no doubt beccHffle apparent to those skilled in the art to 
which the present invention pertains, after having read 
the above disclosure Accordingly, it is intended that the 



appended claims be inteipreted as covering all altera- 
tions and modifications as fall within the true spirit and 
scope of the invention 



Claims 

1, A cholesterol sensor comprising 

ro an electncaily insulating base plate, 

an electrode system composed of at least a 
measuring electrode and a coufrter electrode 
and disposed on said bass plate, and 
a reaction layer formed on or in the vicinity of 

15 said electrode system 

wherein said reaction layer contains choiester- 
oi oxidase, cholesterol esterase and a sur- 
factant 

2i) 2. The cholQstfifol sensor m accordance with claim 1 , 
further comprising a layer containing a hydrophtiic 
polymer formed on said efectrode system 

3. The cholesterol sensor in accordance with claim 1 , 
25 \Mierein a cover member is provided to form a sam- 
ple solution suppiy pathway for stjpplying a sample 
solution to said electrode system between said 
base plate and said cover member by integrating it 
with said base plate, two hydrophilic polymer layers 

30 are formed, one an a surface exposed to the sample 
solution supply pathway formed by said cover mem- 
ber and the other on said electrode system, and 
said reaction layer is formed on the former hy- 
drophilic polymer layer 

35 

4. The cholesterol sensor in accordance with claim 1 , 
wtieFein a cover metnt>er is provided to form a sam- 
ple solution supply pathway for supplying a sample 
solution to said electrode system between said 

■to base piate and said cover member by integrating rt 
with said base plate, two hydrophtiic polymer layers 
are formed one on a surface exposed to the sample 
solution supply pathway formed by said cover mem- 
ber and the other on said electrode system, and 

45 said resciion layer is split into two segments and 
formed, respectively, on said two hydrophilic poly- 
mer layers 

5. The chotesteroi sensor in accordance with claim 1 , 
so wherein sad electrode system comprises stiver and 

carbon for coating said silver 

6. The cholesterol sensor in accordance with claim 5, 
wherein satd reaction iayer comprises two layers, a 

ss layer ccxitain ing cholesterol oxidase and cholester- 
ol esterase only omitting a surfactant and a layer 
containing a surfactant and covering the former iay- 
er 
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7, The cholesterol sensor tn accordance with claim 1 , 
wherein said reaction tayer composes a iayer con- 
taining a mixtum of at least cholesterol esterase and 
a surfactant 

8. The cholesterol sensor in accordance with claim 1 , 
wherein said fsaction layer comprises a iayer of 
cholesterol oxidase and cholesterol esterase and a 
iayer containing a surfactant and covenng the 



forming a surfactant layer on said enzyme lay- 
er, 

wheren satd surfactant iayer is formed by add- 
ing attquots of a solution prepared by dissolving 
a suflactanl in a sotvent that would not dissolve 
satd enzyme layer, foHowed by drytng 



9. The cbotesteroi sensor in accordance with ciaim 1 , 
wherein said cholesterol esterase is a Pseu- 
domoias-denved cholesterol esterase and said 
surfactant is at least one selecled from o-octy!-P-D- ^5 
thioglucostde, polyethylene glycol monodo- 
decylether, sodium chelate. doOecyl-p-maitosfde, 
sucrose monolaurate pofyoxyehtylene-p-t-oct/i- 
phenylether and N,N-bis{3-D-gluconamfdoprc^yJ) 



10. The cholesterol sensor n accordance with claim 1, 
wherein satd cholesterol esterase is a mammafian 
pancreas -derived choiesterol esterase and said 
surfactant is at least one seleclod f rom sodsum cho- 
tats, sodium deoxychoiate, sodium taurodsoxycho- 
tats, N,N-bis-3-D-9luconamtdopropyl)cho!amide. 
N , N-bts{3-D-giuconam idoprc^yt )deoxycholamide. 
polyoxyehtylene-p-t-oclyiphenytethef, polyethyl- 
ene glycol moRododecyiether and sucrose monol- so 
aurate 



11- The cholesterol sensor in accordance with claim 1 , 
wherein said reaction layer contains an electrode 
mediator 



12, The cholesterol sensor in accordance with claim 6, 
w*!er8in said layer containing a surfactant has been 
formed by adding atiquots of a soiutiCNi prepared by 
dissolving a surfactant in a solvent that vsioutd not 40 
dissolve said layer containing cholestcrof oxidase 
and cholesterol esterase, followed by drying 

13, A method for producing a cholesterol sensor com- 
prising the steps of '*5 

forming an eleclrode system by pnnting a silver 
paste cn m eiectricaily insulatsig base plate 
and further printing a cartjon peste thereon to 
cover satd silver paste so 
tonntng a hydrqihilfc polymer layer on said 
electrode system by dropping thereon a solu- 
tion containing a hydrf^hilic polymer, 
lormtng an enzyme layer by addirig aisquots of 
a solution containing at least cholesterol oxi- 5S 
dase and cholesterol esterase but no surfactant 
over said hydrophiltc polymer layer, followed by 
drytng, and 
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